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Introduction
DC circuit analysis is considered to be a difficult course for many engineering students to understand 1 . Correct conceptual knowledge of this topic is important because it may help students gain expertise in their performance. To date there have been no studies of this topic involving the community college student population. The few studies that have examined community college engineering students have shown self-efficacy to be the one common link with research on the university population 2 . This is rooted in the fact that many of the strategies intended to increase student interest, achievement and persistence in engineering are based on increasing self-efficacy, which is a better predictor of those outcomes 2,3 .
A logical starting point for examining this topic as it relates to community college students is to examine the relationships between conceptual knowledge of DC circuit analysis with selfefficacy for circuit analysis. An instrument was created to measure the relationship between self-efficacy for and conceptual knowledge of DC circuit analysis. The instrument was a threetiered concept-inventory that included:
Tier 1: Multiple choice assessment of understanding related to a DC analysis concepts. Tier 2: Multiple choice question regarding subjects' reasoning for their response in the first tier, with an option for them to write a response in their own words. Tier 3: Questions related to subjects' confidence in their answers to the first two tiers. Responses were via a 100-point range on a Likert scale with 10-unit increments.
This multi-tiered approach was consistent with prior approaches in the literature 4,5 .
This paper extends the work of others by applying prior research on self-efficacy and conceptual knowledge of circuit analysis to a community college engineering student population.
Literature Review

Self-Efficacy
Many research studies in engineering education use self-efficacy theory to frame student motivation. Self-efficacy is a context-specific predictor of performance 6 that is based on confidence about one's capabilities to organize and implement actions necessary to attain desired performance 7 . A key component of self-efficacy is its context and domain specificity 8 ; the more specific a domain is, the more specific one can determine self-efficacy.
Self-efficacy is also a significant contributor to performance 9 having been observed in many domains (e.g., academic achievement 10 and achievement goals 11 ). Self-efficacy has also been shown to be a powerful contributor to academic attainment that is independent of knowledge and skills 12 , however, people must have some prior knowledge of the task they are considering in order to be self-efficacious. Prior knowledge provides familiarity with the task and the actions required to perform that task 10 .
Self-efficacy includes confidence as well as one's perceived capabilities to organize and implement actions necessary to attain desired performance 7 . Thus, self-efficacy is a reflection of one's confidence to succeed at a task in the context of a domain 12 . Confidence can be a measure of self-efficacy, as the more confident one is in a domain, the more certain they are in their responses to questions about that domain 5 .
Conceptual Knowledge
Conceptual knowledge has been extensively studied, particularly in the field of Physics Education 13 . Concepts are the organizers that sort our prior knowledge so we have an idea of what to expect when we encounter something new 14 . Conceptual knowledge is the understanding or interpretation one may have about concepts. This can then be carried into future situations, providing the holder with an idea of what to expect in that situation 15 . Conceptual knowledge can be related to the "Understanding" level of Bloom's Taxonomy 16 . While this level is not often considered to be difficult for students, it is one of the foundations of higher learning. Higher thought is likely to be clouded if that foundation is weak, unclear, or misunderstood 15 . When concepts are well-understood, students are often able to explain related problems, make inferences from the problem, integrate other ideas, predict outcomes and apply conceptual knowledge to other areas 17 .
The ability to measure conceptions can help engineering educators address misconceptions instead of assuming that concepts are understood, or worse, leaving those misconceptions in place, to possibly influence future learning in a negative way 17 . Misconceptions can make it extremely difficult for students to accept and learn new information, which is why identification of those misconceptions is so important 18 .
One way to measure conceptual knowledge is through the use of concept inventories. Concept inventories are standardized exams designed to identify common misconceptions students may hold about concepts within a specific domain 19 . Concept inventories allow rapid assessment of conceptual knowledge 1 , and allow assessment of conceptual understanding, as opposed to assessing the ability to work a problem correctly 20 . Results from concept inventories are accepted by the Accreditation Board for Engineering and Technology (ABET) as proof of student learning and achievement 19 .
The use of concept inventories is well-established in the literature 21 , and is used in such domains as Statics, Dynamics, Fluid Mechanics, Heat and Energy, Heat Transfer, Thermodynamics, Materials, Circuit Analysis, Electricity, Electricity and Magnetism, Statistics 22 . Using concept inventories to assess conceptual knowledge of voltage, current and the physical characteristics of DC circuits is a common approach in engineering education. There are at least thirteen published concept inventories used to measure various concepts within electrical engineering. The particular concepts of voltage, current and the physical characteristics of DC circuit analysis have been identified in the literature as being particularly difficult for students to learn 5,23,24 .
Self-Efficacy and Conceptual Knowledge
High self-efficacy has been shown to influence high academic achievement, which implies selfefficacy and conceptual knowledge are related. Studies involving conceptual knowledge and self-efficacy are common and well-developed in engineering education research. The majority of this research has been limited to university student populations with a smaller body of work that has focused on the general community college population. No research has been done investigating circuit analysis and self-efficacy on the community college student population.
Methods
Study Context and Participant Population
This study was conducted at a large community college in the southwestern United States. Students from three introductory circuit analysis courses in the Electronics program were studied. Participation was voluntary. There was a potential population of 48 students solicited to participate in the pre-test, of which, 44 (n = 44) subjects participated. Attrition of the course of the semester resulted in a potential population of 41 for the post-test, of which 37 (n = 37) subjects participated. Table 1 summarizes the three groups of participants for both pre and posttests. Four students, all enrolled in ELE 111, were female. All four female students from the pre-test remained in the study throughout. All participants were classified by the institution as freshmen or sophomores.
Data Collection
A concept inventory was created to measure the relationships between conceptual knowledge of DC circuit analysis and self-efficacy for DC circuit analysis. The instrument was a combination and adaptation of 15 concept inventory questions from prior work found in the literature. Questions were included by adapting questions related to voltage and the physical characteristics of circuits from the Determining and Interpreting Resistive Electric Circuit Concepts Test 1.0 (DIRECT) 23, 25 , and questions pertaining to current from the Simple Electric Circuits Diagnostic Test (SECDT) 5 . Each item consisted of three tiers of questions and response choices. The first tier was a multiple choice question that measured ability to work a problem related to the concept being assessed. The second tier was a multiple choice question that measured the reasoning the subjects used in answering the first tier. The third tier was a newly developed measure of selfefficacy.
The items used in the concept inventory did not change between pre and post-tests. An example of a first-tier question is shown in Figure 1 . This was taken from the DIRECT 1.0 and used as item number five on the instrument as a test of conceptual knowledge of voltage 23 .
Figure 1. Sample First-Tier Item
The second-tier item that corresponds with the first-tier in Figure 1 is shown in Figure 2 . The item is a multiple choice question with one response that matches the correct concept, with the remaining responses matching the misconception distractor items from the first tier. Each second tier item of the concept inventory also included an opportunity for students to explain their reasoning for their response in the first tier. Students were instructed to write their reasoning in the space provided if none of the given response choices matched their reasoning. This item was created to accompany the first-tier because the DIRECT 1.0 did not use this tiered approach. This item was created using the work of Peşman and Eryilmaz 4,5 as a guide.
The third tier of the concept inventory was a measure of the students' confidence, which was used to gauge self-efficacy for circuit analysis. Responses were reported using a 100-point range on a Likert scale with 10-unit intervals. Prompts were provided at "0 -Not at all confident", "40 -Maybe-Not Sure", "70 -Pretty Confident", and "100 -Completely Confident". This was consistent with prior approaches in the literature 5, 12, 26 . An example of a third-tier item is shown Scoring Scoring for conceptual knowledge was based on combining the scores of the first two tiers. A correct response on both of the first two tiers was scored as a correct answer for the entire question because the subject got the right answer using the correct conceptual knowledge. Any other combination that included a wrong response for either, or both, of the first and second tiers was scored as a wrong answer for the entire question because of incorrect application of the concept, incorrect conceptual knowledge, or both. This scoring method also has the advantage of reducing the chance of a subject getting a correct response by simply guessing, as the probability of correctly guessing two correct responses is less than the probability of guessing one correctly. This scoring approach is consistent with the method used by the authors of the SECDT 4 .
The third-tier responses were scored by simply recording the raw values from the Likert scale directly into the source file for the data analysis. There were no instances of subjects leaving third-tier responses blank or providing multiple responses.
Data Analysis
SAS statistical analysis software was used to analyze the data. Internal reliability of the instrument was checked for both pre and post-tests, and was found to be excellent (α = 0.935). Face and content validity for the first two tiers were established via the research performed by the authors of the source concept inventories (DIRECT and SECDT). Face and content validity for the third tier questions were established via research on past studies that used this approach for domains outside of circuit analysis. Construct validity for the instrument was not established due to the low number of subjects and the large number of demographic characteristics measured. To ensure consistency between pre and post-test, only those subjects who participated in both the pre and post-tests were included in the data set. Group effects for the population from the three separate classes were analyzed using Analysis of Variance (ANOVA). 
Findings
The data set was analyzed for correlation between self-efficacy for and conceptual knowledge of circuit analysis. Self-efficacy was significantly correlated with conceptual knowledge. This was observed on both the pre-test (R = 0.42, p = 0.010) and post-test (R = 0.42, p = 0.009), as shown in Table 2 . In both cases this represents a moderate 27 and positive correlation, explaining 17.64% of the variance in pre-test conceptual knowledge scores, and 17.64% of the variance in post-test conceptual knowledge scores. This finding is consistent with the literature regarding self-efficacy and academic achievement. 
Discussion and Conclusions
The results of this study indicate that conceptual knowledge of circuit analysis and self-efficacy for circuit analysis are directly correlated. One explanation for the correlation observed in this study between conceptual knowledge and self-efficacy may be related to feedback the students received from their instructors. Prior to giving the post-test to each of the classes, the instructors of the ELE 100 and evening ELE 111 classes tested their students on the concepts assessed by the study. Students had not yet received their exam results when the post-test was administered.
The morning ELE 111 instructor tested his students on several of the concepts assessed by the study. The students received those results prior to participating in the post-test. Self-efficacy may have been impacted if students perceived that feedback as a source of verbal persuasion or evidence of a mastery experience 8, 28 , which corresponded with increased conceptual knowledge of circuit analysis.
A limitation of the study was the fact that the statistical methods used in this study rely on normal distribution of data. The existing data set cannot definitively be called "normal" because of the small sample size. The only way to correct this is to conduct a longitudinal study that collects more data over a longer time period.
The relationship between self-efficacy and academic achievement is well known and has been studied for many years 11, 12, 28, 29, 30, 31, 32, 33 , however, it has not previously been studied in regard to conceptual knowledge of DC circuit analysis and this unique population of community college students. This is a major gap that has been addressed by the present study, which confirms the same relationship in this population. 
